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Abstract
Background: Array Comparative Genomic Hybridisation (array CGH) is a powerful technique for
the analysis of constitutional chromosomal anomalies. Chromosomal duplications or deletions
detected by array CGH need subsequently to be validated by other methods. One method of
validation is Fluorescence  in situ Hybridisation (FISH). Traditionally, fluorophores or hapten
labelling is performed by nick translation or random prime labelling of purified Bacterial Artificial
Chromosome (BAC) products. However, since the array targets have been generated from
Degenerate Oligonucleotide Primed (DOP) amplified BAC clones, we aimed to use these DOP
amplified BAC clones as the basis of an automated FISH labelling protocol. Unfortunately, labelling
of DOP amplified BAC clones by traditional labelling methods resulted in high levels of background.
Results: We designed an improved labelling method, by means of degenerate oligonucleotides that
resulted in optimal FISH probes with low background.
Conclusion: We generated an improved labelling method for FISH which enables the rapid
generation of FISH probes without the need for isolating BAC DNA. We labelled about 900 clones
with this method with a success rate of 97%.
Background
Fluorescence in situ hybridisation (FISH) is a widely used
technique for visualization and analysis of chromosomal
anomalies [1,2]. Basic requirements are specific DNA
probes in sufficient amounts as well as a labelling proto-
col with good reproducibility. Traditionally, fluorophores
or hapten labelling is performed by nick translation or
random prime labelling of purified BAC products. Other
methods for labelling are primer extension and chemical
coupling (by means of amino-group modified dNTPs)
and also a number of other technologies [1-3]. These are
all labour intensive procedures including culturing, isolat-
ing and labelling of the BAC DNA. However, since for
array CGH, targets (DNA spotted on the array) have been
generated from degenerate oligonucleotide primed
(DOP) amplified BAC clones, we aimed to use these DOP
amplified BAC clones as the basis of an automated FISH
labelling protocol [4-7]. Unfortunately, the labelling of
DOP amplified BAC clones by means of either traditional
labelling methods or a PCR reaction with the DOP 4
primer (see below) resulted in high levels of background.
We hypothesised that this background may be caused by
the formation of panhandle structures of the single-
stranded PCR fragments due to intramolecular re-anneal-
ing of the primers. During this re-annealing process, mul-
tiple fragments could be trapped and they formed larger
networks of fluorescent labelled molecules causing high
background signals. We reasoned that small degenerate
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oligonucleotide primers would not be able to form such
panhandles. Therefore we set out a PCR with degenerate
oligonucleotides, of which only the 5 prime end ten
nucleotides are complementary to the template and devel-
oped an efficient labelling technique.
Results
DOP amplified BAC DNA was labelled by PCR using
either the DOP 4 primer or a mix of DOP 1, 2 and 3 prim-
ers. FISH with the labelled amplified BAC DNA by means
of the DOP 4 primer showed high background signals
(Figure 1 A,C). FISH with the labelled amplified BAC
DNA by means of the mix of DOP 1, 2 and 3 primers
resulted in optimal FISH probes with lower background
and provided a good signal to noise (Figure 1 B,D).
We also compared different fluorophores or hapten for
PCR incorporation in the DOP amplified BAC clones
including SpectrumGreen™- dUTP, SpectrumOrange™-
dUTP or biotin-dCTP. FISH signals were obtained with all
3 of them, but the BAC clones labelled with SpectrumOr-
ange™- dUTP provided the best hybridisation signals (see
Figure 1B). The BAC clones labelled with Spectrum-
Green™- dUTP or biotin-dCTP showed FISH signals of
lower intensity (see Figure 1D).
Discussion and conclusion
Array CGH is becoming a valuable and powerful tech-
nique for the detection of chromosomal aberrations.
These aberrations subsequently need to be validated by
other methods. One method of validation is FISH, which
Results of FISH Figure 1
Results of FISH. A: DOP amplified BAC clone (BAC RP11-393B19) labelled with SpectrumOrange™- dUTP by means of the 
DOP4 primer in a PCR amplification reaction; B: DOP amplified BAC clone (BAC RP11-393B19) labelled with SpectrumOr-
ange™- dUTP with the optimized protocol; C: DOP amplified BAC clone (BAC RP11-303I4) labelled with biotin d-CTP using 
the DOP4 primer in a PCR amplification reaction.; D: DOP amplified BAC clone (BAC RP11-303I4) labelled with biotin d-CTP 
with the optimized protocol.Molecular Cytogenetics 2008, 1:3 http://www.molecularcytogenetics.org/content/1/1/3
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is a labour intensive method [1,8]. We set out to use the
DOP amplified BAC clones, generated for the array target,
as the basis of an automated FISH labelling protocol and
showed that amplified BAC DNA labelled with our opti-
mized DOP PCR protocol provides good hybridisation
signals and lower background. This labelling method ena-
bles the rapid generation of FISH probes without the need
for isolating BAC DNA from bacterial cultures. Not only
BAC, but also cosmid and fosmid clones can be used as a
substrate for labelling (data not shown).
Regarding the choice of fluorophores, the use of biotin-
dCTP requires signal amplification after hybridisation,
which is more time consuming than labelling with spe-
cific fluorophores, like SpectrumGreen™- dUTP, Spectru-
mOrange™-dUTP, which are pre-labelled and do not
require signal amplification after hybridisation. Thus far,
we have labelled about 900 clones with this method using
SpectrumOrange™-dUTP with a success rate of 97%.
FISH enables the detection of the location of the aberra-
tion on the chromosome and is the most suitable tech-
nique to validate deletions. Furthermore, FISH enables
detection of translocations and reveals more complex
rearrangements not detected by array CGH. However,
FISH is not suitable for detection of tandem duplications
or deletions that are smaller in size than the probe used.
This is a limitation for validation of small imbalances
detected by higher resolution arrays. In these cases, molec-
ular methods that can combine a number of investigated
loci in a single reaction are preferable, such as Multiplex
Ligation-dependent Probe Amplification (MLPA) and
quantitative PCR.
In conclusion, we present a fast and accurate FISH label-
ling method.
Methods
The following primers were used for DOP-PCR amplifica-
tion as described previously [4]: DOP1: 5'-CCGACTC-
GAGNNNNNNCTAGAA-3', DOP2: 5'-
CCGACTCGAGNNNNNNTAGGAG-3', DOP3: 5'-
CCGACTCGAGNNNNNNTTCTAG-3' and DOP4: 5'-
GGAAACAGCCCGACTCGAG-3' (Eurogentec, Seraing,
Belgium).
The target DNA for array CGH was isolated and purified
as previously described [8]. This BAC DNA was preampli-
fied by PCR by means of a DOP 1, 2, 3 primermix fol-
lowed by a second amplification round with an
aminolinked primer (5'-NH2-GGAAACAGCCCGACTC-
GAG-3') [4,8,9]. An aliquot, 10 µl, of these DOP PCR
products were diluted 10 times and stored at -20°C in 96
well plate and were then ready for use as a template in the
labelling reaction.
Subsequently, the DOP amplified BAC DNA was labelled
as follows: in a total volume of 50 µl containing 5 µl of 15
µM DOP 1, 2, 3 primermix, 5 µl of 10× PCR buffer with-
out MgCl2, which is specially designed for use with Plati-
num® Taq  DNA polymerase (Invitrogen, Carlsbad, CA)
and 5 µl 50 mM MgCl2. For the dNTP's we used 1 µl 10
mM dATP, dCTP, dGTP each, 0.7 µl 10 mM dTTP, 1 µl of
1 mM SpectrumGreen™-, or SpectrumOrange™- dUTP
(Abbott laboratories, IL) or 5 µl 10× dNTP mixture con-
taining 1 mM biotin-14-dCTP, 1 mM dCTP, 2 mM dATP,
2 mM dGTP, 2 mM dTTP in 10 mM Tris-HCl (pH 7.5), 1
mM Na2 EDTA (Bioprime DNA labelling system, Invitro-
gen, Carlsbad, CA). As DNA polymerase we used 0.5 µl
Platinum® Taq  DNA polymerase (Invitrogen, Carlsbad,
CA) and finally added H2O to 48 µl and 2 µl of the DOP
amplified BAC DNA. All PCR reactions were perfomed on
a thermocycler (GeneAmp9700, Applera, Nieuwekerk a/d
Ijzer, The Netherlands). After initial denaturation at 95°C
for 10 minutes, the reaction was as follows: 35 cycles of
95°C for 1 min, 60°C for 1 min and 72°C for 1 min and
a final extension step of 72°C for 10 min.
The reagents, volumes and reaction conditions of our
optimized DOP PCR labelling protocol are summarized
in Table 1. The quality of the PCR products can be ana-
lyzed on a 2% agarose-ethidium-stained gel. A smear of
bands from 200 to 2000 basepairs should be visible. Puri-
fication of the PCR product was perfomed with the
Qiaquick 8 PCR purification kit (Qiagen NV, Venlo, The
Netherlands) by means of QIAvac 6S vacuum according
to instructions of the suppliers.
FISH was used to analyse the signal intensity and back-
ground levels of the BAC clones labelled by DOP-PCR.
Before FISH, cells were air-dried on slides and pretreated
with pepsin followed by fixation with a 1% free formalde-
Table 1: The optimized labelling protocol
PCR mix
Reagent Volume
Mix of DOP1,2,3 primers (15 µM) 5 µl
10× PCR Buffer w/o MgCl2 5 µl
50 mM MgCl2 5 µl
dATP (10 mM) 1 µl
dGTP (10 mM) 1 µl
dCTP (10 mM) 1 µl
dTTP (10 mM) 0.7 µl
x- dUTP (1 mM) * 1 µl
H2O2 7 . 8   µl
Platinum Taq DNA Polymerase 0.5 µl
DOP amplified BAC clone 2 µl
Total volume 50 µl
* SpectrumGreen™- dUTP (Vysis), SpectrumOrange™- dUTP (Vysis) 
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hyde solution and subsequently dehydrated with ethanol.
FISH with biotin as hapten was performed as previously
described [10]. After hybridisation overnight at 37°C, the
slides were washed in 0.4 × SSC/0.3% NP40 solution at
72°C for one minute, one minute at 2 × SSC/0.1% NP40
solution at RT and one minute at 2× SSC. The cells were
counterstained with DAPI and the slides were mounted in
Vectashield mounting medium (Vector Laboratories, Bur-
lingame, CA). The signal was visualised by digital imaging
microscopy with Cytovision capturing software (Applied
Imaging, Santa Clara, CA).
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